This paper discusses the pre-and post cracking behavior and tensile response of concrete panels subjected to axial tension. The main objective of this investigation is to study the stress-strain relationship of thick reinforced concrete plates, taking into consideration the effect of the steel reinforcement in both directions, as the thick concrete panels are well used in offshore concrete structures and nuclear power plant construction. A theoretical model for predicting the cracking behavior, which includes the crack spacing and width of reinforced concrete panels under axial loading at any given loading stage, is developed. In this theoretical model, the main parameters that influence the cracking behavior of concrete in both directions are considered. The behavior of two-way reinforced concrete plate is analyzed with consideration of the effect of concrete tensile strength, reinforcement ratio, bar diameter and spacing in both longitudinal and transverse directions.
Introduction
Concrete is reinforced with steel to deal with its inherent weakness in tension. Steel reinforcement is used to carry the tensile forces across the cracks once the concrete has exceeded its tension capacity. It can prevent cracking and avoid premature and brittle failure in structural members subjected to tensile stresses. Many research reports exist on the cracking behavior of reinforced concrete members. Rizkalla et al. (1983; conducted an extensive study on the cracking behavior of reinforced concrete panels with compressive strength of 34.5 MPa and subjected to pure uniaxial tension in the presence of transverse reinforcement. Okamura et al. (1987; 2003) studied the bond and the tension stiffening of the cracked concrete, based on that investigation, a model to introduce the average tensile stress strain for concrete was developed. Marzouk and Chen (1993; carried out a tension study on the cracking behavior of concrete prisms under direct uniaxial tension loading and recommended a suitable softening and tension-stiffening model for high-strength concrete slabs, consideration of their post-cracking behavior and fracture energy properties. Ghali et al. (2002) discussed control of cracking of various reinforced concrete members under different loading conditions and presented many equations and methods which have been suggested for calculating crack width and spacing. Cho et al. (2004a; 2004b) conducted tension tests of six half-thickness concrete wall elements as a part of the Korea Atomic Energy Research Institute (KAERI) program, providing a test-verified analytical method for estimating the capacity of a concrete reactor containment building under internal overpressurization from postulated degraded core accidents. Fields and Bischoff (2004) performed an experimental program on uniaxial tension members of both normal strength 40 MPa and high strength 80 MPa concrete; an empirical model for predicting the average tensile response of concrete after cracking was proposed. The cracking behavior for various reinforced concrete members under flexural and uniaxial loading were examined both experimentally and analytically by Gillbert (2005; 2006) . While the majority of concrete structures are reinforced in two directions, most of the present research work and existing analytical model equations for predicting cracking behavior take only the effect of the reinforcement in the loading direction into consideration and tend to ignore the influence of transverse reinforcement. Hence, extensive tests of reinforced concrete panels, which are reinforced in orthogonal directions and made of both normal and high strength concrete, and subjected to pure tension (uniaxial and biaxial), have been carried out to study the pre and post-cracking behavior. The objective of the research presented in this work is to develop a rational model for predicting the stress-strain, and cracking behavior of reinforced concrete panels under axial loading, taking into consideration all the main factors influencing the crack width and spacing. These factors include the tensile strength of concrete, reinforcement ratio, bar diameter and spacing in both orthogonal directions. The proposed model introduces a favorable prediction for crack spacing and width as it was compared with the experimental results of reinforced concrete panels.
Experimental investigation
In this experimental investigation, a total of nine reinforced concrete panels were fabricated and the effects of the concrete compressive strength and reinforcement ratio were investigated. The selected sizes of the tested panels were 600×600×190 mm, as shown in Fig. 1 . The experimental work was conducted by using a special test frame that was designed and fabricated at the structural laboratory of the Memorial University of Newfoundland. The main function of this setup was to apply direct axial tension loads in one and/or two perpendicular directions, and simulate plane uniaxial and biaxial stress states. The test setup consists of three main parts, namely, fixed reaction frame; four moving walls; and 8 hydraulic jacks that were placed in between the fixed reaction frame and the moving walls, and used to apply forces on the moving walls, see Fig. 2 . The fixed reaction frame was designed as a rigid and heavily reinforced concrete frame, and consequently, deformations induced in the reaction frame due to the application of the loads were negligible. Thus, the applied axial load was transmitted from hydraulic jacks to the specimens independently in both directions.
All the specimens in the experimental program were reinforced in two perpendicular directions with deformed bars in two layers, and the longitudinal reinforcements were spaced at 150 and 300 mm. The main variables considered in the test program were the concrete strength, reinforcement ratio, and applying the load in unixial or biaxial directions. Two levels of compressive strength were used to cast specimens. The average concrete compressive strength f c ' was found equal to (35-40) MPa for normal strength concrete specimens, and (75-90) MPa for high strength concrete specimens. Three control cylinders having a nominal diameter of 100 mm and height of 200 mm were cast at the same time as the specimens to relate specimen strength to standard material test results. The reinforcing bars are Grade 400 steel conformed to CAN/CSA-G40.20-M92 Canadian Specifications. The reinforcement used in the segments consisted of deformed bars of 15 mm and 20 mm in diameter with yield stress and ultimate tensile strength of 400 MPa, and 650 MPa, respectively. The steel bars had a modulus of elasticity of 200 GPa. Two reinforcement ratios were used; 1.2%, and 2%. The load was applied in uniaxial and biaxial directions. For the biaxial case, the loading was equally applied in the orthogonal direction, where the loading ratio was equal to 1:1. The concrete cover to bar diameter (C c /d b ) ratio was fixed equal to 2.50. The bar spacing was 150 mm, and 300 mm, as shown in Table 1 . All specimens were moist-cured for at least three weeks and then air-dried until testing. The strains of the steel bars were typically measured by strain gages affixed to the bars, as shown in Fig. 3(a). Figure 3( shows five linear displacement transducers (LPDTs) that were attached to the concrete surface for measuring deformations and cracking properties. The data was collected and processed automatically using a data acquisition system.
Theoretical model for a concrete plate under tension

Behavior before cracking
The concrete strain is taken to be zero when the concrete is cast. Thus, the length of the concrete member at the time of casting is defined as the undeformed length of the member, L. The axial deformation measured from this undeformed condition will be called ∆. So, the concrete strain, which is assumed to be uniform both over the cross section and along the length of the member, is given by ε t = ∆/L, assuming that the concrete and reinforcement bars are all rigidly anchored together. Hence, any change in length of the concrete must be accompanied by an identical change in the length of the reinforcement (ε t = ε s ). For the equilibrium requirement, the internal stresses balance the applied load. Prior to cracking, the steel reinforcement and concrete behave elastically and tensile force P in a panel is resisted partly by concrete and partly by the main longitudinal reinforcement in accordance to the stiffness of the concrete and steel bar sections (Hsu et al. 1994; 1996) .
where ε t is the tensile strain of concrete, P c and P s are the loads carried by the concrete and reinforcement, and A c and A s are the cross sectional areas of the concrete and reinforcement. At cracking, ε t = ε t ' , and P = P cr,
where ρ = A s /A c , the reinforcement ratio for the net cross-sectional area of concrete; P cr is load that causes the cracking of the concrete section; ε t ' is the strain of the concrete at cracking loading stage. At the first crack appearance, the slope of the member stress-strain curve is radically decreases up to the yield point of the reinforcement with continuous variation of the slope through each crack occurrence. Figure 4 represents a comparison between the loads carried by the concrete section calculated from Eq. (1), where this equation considers the compatibility condition between the concrete section and the surrounding reinforcement, and the calculated value of the load carried by the same section considering the share of the total load between the concrete section and reinforcement according to their relative stiffness as follows:
Prior to the cracking of the concrete member, steel reinforcement and concrete behave elastically and there is a compatibility condition between the concrete and reinforcing steel bars (Belarbi and Hsu 1994; and Jae et al. 2004) , as illustrated in Fig. 4 . The concrete and steel bars share the applied load in accordance to the stiffness of each material without any slippage between them. These stresses and strains can be approximately related by a straight line expressed as:
The normalized concrete stresses σ t /f t ' obtained from Eq. (2), and their corresponding measured strains ε t are plotted in Fig. 5 . These stresses and strains can be expressed by straight line as shown in the following equation: ' 6 102 10 (4), as well as the cracking strain ε t ' observed for each panel segment experimentally, where the cracking strain is picked out at the very point as the slope of stress-strain curve abruptly changes. The average value for all the measured cracking strains for each panel tested in the experimental program conducted in the present study is found to be about 102 microstrain. The average of the cracking stress is found to be related to the square root of the cylinder compression strength for the normal strength concrete specimens as: ' ' 0.34
The average modulus of elasticity of the normal strength concrete can be obtained by substituting Eqs. (6) and (8) into Eq. (7):
For high strength concrete the cubic root of the compressive stress (f c ⅓ ) provides a good representation of the tensile strength for the high strength concrete (Alavi-Fard, and Marzouk 2002; Marzouk, and Chen 1995) , as presented in the following equation:
where β is a coefficient ranging from 0.6 -0.7. Also, the average value of the modulus of elasticity of the high strength concrete can be attained by substituting Eqs. (6) and (10) into Eq. (7):
For both NSC and HSC, the CEB-FIP Model Code and EC2-2004 Code link the elastic modulus E c to the compressive strength f c ' according to:
In Eq. 12 E c and f c ' are measured in MPa. In the case of HSC, in the formula proposed by ACI committee 363, the elastic modulus of concrete is expressed as following:
In Eq. 13, Ec and f c ' are measured in MPa, and γ in kg/m 3 . Similarly, the Architectural Institute of Japan (AIJ) specifies the following equation to estimate the modulus of elasticity of concrete: 
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In Eq. 14, Ec and f c ' are measured in MPa, and γ in kg/m 3 . The available experimental results conducted by Belarbi and Hsu (1994) , and Cho et al. (2004b) are used to verify the accuracy of the proposed equation for calculating the modulus of elasticity of concrete. Comparison for the concrete modulus of elasticity between the proposed model presented in Eq.11 and the equations of CEB-FIP 1990, ACI-363, and AIJ-1985 is presented in Table 3 .
Behavior after cracking
As shown in Fig. 6 , a reinforced concrete member is subjected to an axial tensile force P. At the two cracks indicated, the steel carries all the tensile force at the stress designated as σ s0 . Stress concentration was noted at the intersection of two orthogonal bars due to the effect of the transverse bars (Rizkalla et al. 1983) . When the longitudinal bars in X-direction are stretched, the concrete surrounding the bars will resist the transverse bars. Thus, the transverse bars in the perpendicular direction can be assumed to bear against the concrete, causing additional force component [σ bb (x) Φ 2 S 1 ] at the intersection between the longitudinal bars and the transverse bars. This additional component, which reflects the influence of the presence of the transverse bars, is assumed to be uniformly distributed along the longitudinal bar locations. Thus, the longitudinal equilibrium of forces at any section X between the two cracks leads to:
where σ bb is the bearing stress; S 1 is the bar spacing in X-direction, S 2 is the transverse bar spacing, Ø 2 is the transverse bar diameter in the perpendicular direction, and X is the distance from the crack face. For simplicity, it can be assumed that the average bearing stress σ bb is half of the tensile strength concrete (Desayi 1976 
Eq. (16) states that at any section between the two cracks, the sum of the steel stress σ s (x), concrete stress σ c (x) divided by ρ, and the contribution of the transverse reinforcement must be equal to the steel stress at the cracked section σ s0 .
The steel strain ε s (x) and concrete strain ε c (x) are also sketched in Fig. 6 . The steel strain ε s (x) decreases from a maximum at the crack to a minimum at the mid-point between the two cracks. In contrast, the concrete strain ε c (x) should be zero at the crack location while it increases to a maximum at the mid-point. The difference between ε s (x) and ε c (x) is caused by the slip between the steel bar and surrounding concrete.
Denoting the average steel strain over several cracks by εsx, the relationship between stress and strain in x-direction is obtained by the following equations:
Noting that ε s (x) = σ s (x) / E s before the first yielding of the steel:
The part in parentheses can be defined as an average stress of reinforcement σ s:
Similarly, averaging the stresses on the right side of Eq. (16) along the length L gives:
The variable enclosed by the parentheses of the second term is defined as the average concrete stress in tension and expressed as:
Then Eq. (18) becomes:
where the third term reflects the effect on the transverse reinforcements on the steel stress distribution. It is found that the transverse reinforcement causes stress concentration at the intersection with the longitudinal reinforcement and can cause an increase in the forces transferred from the steel reinforcement to the concrete section. Based on the experimental investigation, at cracking stage, the measured value of the average steel stress embedded in the concrete section (σ s ) is found to be approximately 340 MPa for panel HS-U-15-2.5-6; and the stress caused by the transverse bars represents about 8% from the value of σ s , however this value decreases to 5% at the steel yielding stage. For the sake of simplicity, the influence of the transverse bar on the steel stress distribution can be expressed by a factor α, where the value of α is found to be equal to approximately between 0.92 -0.95. Substituting σ s = E s .ε sx from Eq. (20) into Eq. (23), the relationship between the average concrete stress after the cracking stage (σ x = ft), and average strain ε sx is derived as:
By plotting the normalized value of the concrete stress σ t /f t ' versus εt for all load stages, an experimental tensile stress-strain curve for concrete after cracking for each test panel, as shown in Fig. 7. 
Tension stiffness model for concrete plate
Tension stiffening phenomenon can be defined as the increase in stiffness in a reinforced concrete member due to the interaction between concrete and reinforcement. As a member cracks, concrete between cracks rebound to its original state but is restrained by the reinforcement. The concrete between cracks is still able to develop ten- sile stresses away from the crack as load is transferred from the reinforcing steel back into the surrounding concrete, resulting in some tensile stresses in the concrete. A new approach for the post cracking stress strain of reinforced concrete member in tension is defined. It was found that the best mathematical form to fit the descending branch of the experimental stress-strain curve is shown in Fig. 7 . 
where σ t /f t ' represents the normalized tensile stress, ε t is the measured member strain (∆/L), and α in both Eqs. (24) and (25) reflects the influence of the transverse reinforcement bars on the constitutive laws for the stress-strain relationship of concrete in tension. A similar effective concrete tensile stress-strain relationship after cracking was originally proposed by (Rizkalla et al. 1984) , and (Fields and Bischoff 2004) verified its validity. Figure 8 shows a comparison of the previously proposed models (Rizkalla et al. 1984; Shima and Okamura 1987; Marzouk and Chen 1993; Fields and Bischoff 2004) , inclusive of the proposed model in Eq. (7) for the ascending portion, and Eq. (25) in the descending portion in this study. All of these models were obtained from the experimental study for the behavior reinforced concrete members under axial loading. It is noted that the proposed model represents an average value between the previously proposed models for tensile stress-strain response of reinforced concrete, as shown in Fig. 8 . Based on the experimental results, the presence of the transverse reinforcement in the concrete panels appears to cause a reduction in the tension stiffening response and a consequence increase in the crack width (Dawood and Marzouk 2008; Williams 1986) .
A comparison for the stress-strain response of reinforced HSC panels reinforced with transverse reinforcement (panel HS-U-20-2.5-4) and without transverse reinforcement (panel HS-U-20-2.5-4 * ), is presented in Fig. 9 . Also, Fig. 10 presents a comparison of the average stress-strain curves of concrete between panels HS-U-20-2.5-4, and HS-B-20-2.5-4 * . It is evident that prior to cracking stage, a slight difference behavior of the tensile stress-strain response is observed. However, after cracking stage the effect of the presence of transverse reinforcement becomes more obvious. Generally, the panel with the transverse reinforcement shows lower tension stiffening contribution of concrete for different steel stress levels in comparison to the identical panel without transverse reinforcement.
Furthermore, the transverse reinforcement has an effect on the cracking behavior of the HSC panels. the measured average crack spacing for panels HS-U-20-2.5-4, and HS-U-20-2.5-4 * is found to be 240 mm and 265 mm, consequently, the presence of the transverse reinforcement decreased the average crack spacing by 11%, as shown in Table 4 . Also, the value of the average crack width for panels HS-U-20-2.5-4, and HS-U-20-2.5-4
* reaches approximately 0.165 mm and 0.186 mm, respectively, at the service stress level in reinforcement (⅔ f y ) (ACI 318R-05). Therefore, the presence of the transverse reinforcement decreased the average crack width at the serviceability limit by 13%.
Steel stress after cracking
Yielding of a reinforced concrete panel occurs when the steel stress at the cracked section reaches the yield strength of the reinforcement (σ s0 = f y ). The value of the steel stress at the cracking section σ s0 can be related to the average value of the steel stress embedded in the concrete section, Eq. (24) 
Since f t ' , ε t ' , and E s are determined material properties, ε t is the measured member strain (∆/L), and ρ is known, thus, Eq. (28) relates the steel stress at crack σ s0 to the average steel stress embedded in the concrete σ s . In the above approach, the average steel stress embedded in the concrete section σ s can be evaluated in terms of the steel stress at the crack location, tensile strength of concrete, and reinforcement ratio. In the mean time, the average steel strain ε sm =σ s /E s can be calculated. Figure 11 (a, b, c, d , e, and d) shows the comparison between the experimental and theoretical values for the average steel stress at different loading stages for panels NS-U-15-2.5-6, NS-B-15-2.5-6, HS-U-15-2.5-6, HS-B-15-2.5-6, HS-U-20-2.5-6, and HS-B-20-2.5-6, respectively. Also, the experimental results conducted by Belarbi and Hsu (1994) are used as a further verification for the model developed in Eq.28, as shown in 
Crack spacing and crack width for a concrete plate
Consider a reinforced concrete member subjected to axial force as shown in Fig 13. When the stress in the concrete has never exceeded its tensile strength, the member is free from cracks, and the reinforcement and concrete undergo compatible strains. When the tensile strength in concrete is exceeded, primary cracks form in the region of maximum tensile stresses when the external loads reaches the cracking load. At the location of a crack, the tensile stress is assumed to be resisted completely by the reinforcement.
Consider a segment of reinforced concrete panel subjected to axial loading, which is greater than the cracking load P cr , as illustrated in Fig. 13(a) . The idealized cracked panel is assumed to consist of the effective tensile area of concrete A ct , and the reinforcing steel area A st . In a section situated between two cracks, the bond between the concrete and reinforcing bars restrains the elongation of the steel. Thus, a part of the tensile force in the reinforcement at the crack is transmitted to the concrete situated between the cracks. The equilibrium of a segment of the longitudinal chord representing the tensile zone between two consecutive cracks that is subjected to an axial tensile force P is studied. The length of this segment S represents the crack spacing.
Figure 13(a) shows a cross-section of a panel and the 
The third term in Eq. (29) reflects the influence of the presence of the transverse bars, as it is assumed that the bearing force due to the existence of the transverse reinforcement is uniformly distributed along the longitudinal bar locations. 
where σ c is the average value of the concrete stress, τ b is the bond stress at the steel-concrete interface, ρ is the effective reinforcement ratio (ratio of the tensile reinforcement area to the area of the effective concrete in tension), Ø 1 is the longitudinal bar diameter, Ø 2 is the transverse bar diameter, S 1 is the longitudinal bar spacing, and S 2 is the transverse bar spacing. Gilbert (2005) , proposed that τ b = α 1 α 2 f t ' , where α 1 depends on the steel stress at the crack (and varies from 3.0 at low stress levels to 1.0 at high stress levels); and where α 2 = 1.0 for short-term calculations and α 2 = 0.5 for long-term calculations. Concrete tensile stresses can not be greater than tensile strength f t ' , so the requirement should be satisfied for the maximum crack spacing S max in a fully developed crack pattern.
Therefore, the maximum crack spacing in a fully developed pattern may be expressed as:
The second term in the parentheses represents the effect of the transverse reinforcement on the cracking behavior, and it is found that the influence of the transverse bar represents approximately 10% of the first term of the S/2 S/2
As loading is increased, additional cracks will form. The number of cracks will be stabilized when the stress in the concrete no longer exceeds its tensile strength at further locations, regardless of load increase. This condition basically produces the absolute minimum crack spacing that can occur at high steel stresses; termed here as stabilized crack spacing (Gilbert, 2006) . In this research, the stabilized crack spacing is assumed to be expressed as:
where λ is a factor which represents the ratio between the stabilized crack spacing at high steel stress value and the maximum crack spacing at the primary crack stage, and it is assumed to be equal to 0.67 (Gilbert 2004) . In the proposed model for calculating the crack spacing, the tensile stress on the concrete is assumed to be uniformly distributed and calculated by dividing the load transferred to the concrete section by the effective area of concrete matrix around the steel reinforcement. In the mean time, the proposed model takes the effect of the transverse steel reinforcement bar diameter and the bar spacing in both perpendicular directions into account.
Once the average crack spacing is calculated, the corresponding average crack width can be obtained by the following expression for crack runs in a direction perpendicular to the main reinforcement in members subjected to an axial force:
where S m is the average crack spacing; and ε sm is the average steel strain. The final crack patterns for typical panels subjected to uniaxial and biaxial loading at the stabilized crack stage. The cracks are marked manually at each stage of loading throughout the experiment, as shown in Fig. 14. 
Experimental validation of the model
To check the validity and accuracy of the proposed model for predicting the value of the crack spacing, a series of verification tests that involve various types of structural elements and loading conditions were performed to measure the reliability of the model in comparison with the experimental results. Table 4 represents a comparison of the average crack spacing of thick plates, between Table 5 Measured and calculated average crack spacing for experimental program conducted by Rizkalla at al. (1983) . (Leonhardt 1977; Beeby 1972; and Rizkalla et al. 1983) . To enable an accurate crack spacing measurements to be obtained, the tested panels were carefully inspected at each load step. The cracks were marked manually on all specimens at each load increment. Crack mapping of the specimen was depicted by means of photographs at each stage of loading throughout the experiment. These photographs were imported into a computer-aided AutoCAD tools, and the spacing was measured at different locations of the cracked panels to increase the accuracy of the measured average crack spacing. Furthermore, the proposed Eq. (35) is used to predict the value of the crack spacing for previous experimental works. This is to ensure the suitability of the proposed model for evaluating the value of the average crack spacing for various reinforced concrete members under different types of loading conditions. The previous experimental works involved direct tension tests carried out by (Rizkalla et al. 1983) which are represented in Table 5 , and laterally loaded slabs tested by (Hossin and Marzouk 2006) which are presented in Table 6 .
The proposed model in Eq. (35) for the crack spacing takes into account the effect of the concrete tensile strength, bar spacing, bar diameter, transverse reinforcement and bond stress, which represent most of the factors that affect the cracking behavior of the reinforced concrete specimens.
It is noted that the model proposed by Leonhardt overestimates the value of the crack spacing. However, the approach suggested by Beeby underestimates the value of the crack spacing as compared with the experimental results. Thus, it might be concluded that neither of these two expressions is accurate for predicting the value of the crack spacing for offshore structures which include the presence of a transverse reinforcement and thick concrete cover. In the mean time, the model recommended by Rizkalla offers reasonable results, as the reinforced structures have a small bar diameter, such as 10M, and 15M. However, when a higher bar diameter, such as 20M and 25M is used, as it is common in offshore structures, the model starts to overestimate the value of the crack spacing. This model magnifies the influence of the bar diameter, so when a higher bar diameter is used, the final value of the crack spacing becomes higher in comparison to the experimental values.
Statistical comparisons are presented in Tables 4 through 6 between the proposed model in Eq. (35) and the previously developed models by Beeby, Leonhard, and Rizkalla, at the stabilized crack pattern. These tables show that the proposed model in Eq.35 gives the lowest Hossin and Marzouk (2008) . (36) for panels HS-U-20-2.5-6 and NS-U-15-2.5-6, respectively.
For panel HS-U-20-2.5-6 at a steel stress of 270 MPa (⅔f y ), corresponding to steel stress at the service load (ACI 318R-05), the measured crack width is found 0.089 mm, and the calculated value for the crack width based on Eq.(36) is found equal to 0.121 mm, as shown in Fig.  15 . For panel NS-U-15-2.5-6, at service load level the measured crack width is found to be 0.19 mm, and the calculated value is 0.211 mm, as shown in Fig. 16 . A satisfactory agreement between the experimental results and calculated values of the average crack width using the proposed Eq. (36), as shown in Figs. 15 and 16 .
Furthermore, the available test data conducted at University of Alberta, Canada, by James McGregor (1980) are used as a further verification for the proposed equation for calculating the average crack width in Eq. (36), as presented in Table 7 .
Conclusions
In this paper, a rational tension stiffening model which expresses the pre-and post-cracking stress-strain relationship for reinforced concrete members under tension, is developed. The tension stiffening characterization is incorporated in an equilibrium equation to model the stress response of the reinforcement embedded in the concrete section. Tension stiffening effect in reinforced concrete is an important characteristic for consideration if an accurate cracking behavior of reinforced concrete is desired. This is achieved through incorporating the average tensile stress strain relationship of concrete in the analysis. Moreover, the cracking behavior of concrete in axially loaded reinforced concrete panels, which includes the crack spacing and width, is modeled. An experimental investigation is carried out to examine the tensile stress-strain relationship for concrete in tension, also, to verify the accuracy of the proposed model for the crack spacing and width. Based on this study, the following conclusions can be drawn:
1-The ascending portion of the tensile stress-strain curve, which is the region before cracking, can be approximated as a straight line. This pre-cracking relation can be normalized by dividing ft and εt by ft' and the average observed value of cracking strain, respectively, 
